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I INTRODUCTION 

A.  The  NAVAIRENCiCEN  (Naval  Air  Enqineer  in<j  Contor)  conducted  a de- 
velopment program  on  the  low-loss  launch Ing-valve  (duplex  plug  type), 
metering  rod, and  CSV  (capacity  selector  valve)  spindle  for  the  CVN  68 
catapults.  After  that  program  was  completed,  the  NAVAIRTESTFAC  (Navai 
Air  Test  Facility)  conducted  a long-term  deadload  calibration  program 
to  evaluate  the  finalized  CVN  68  catapult  configuration.  The  TC13  Mod  I 
catapult  at  the  NAVAIRTESTFAC  was  used  for  both  programs. 

B.  During  the  deadload  calibration  program,  the  finalized  CVN  68 

launching  system  was  tested  over  the  full  operating  range  of  the  cata- 
pult to  evaluate  various  catapult  parameters  and  their  effect  on  cata- 
pult performance.  The  parameters  to  be  evaluated  were:  steam 

accumulator  pressure,  steam  cutoff  switch  location,  steam  accumulator 
water/steam  temperature  differential  (AT),  hydraulic  system  pressure, 
and  steam  accumulator  water  level. 

C.  Reference  (a)  reports  on  the  evaluation  of  the  CVN  68  catapult 
control  systems  and  associated  catapult  components. 

II  BACKGROUND 

A.  From  previous  tests,  it  has  been  determined  that  the  CSV  spin- 
dle, NAEC  PN  510721-1,  used  for  the  roto  launching  valves  on  the 
USS  MIDWAY  (CV  41)  (reference  (b)),  will  not  produce  satisfactory  per- 
formance when  used  with  the  roto  launching  valves  on  the  USS  NIMITZ 
(CVN  68) . A CV  67-type  spindle  used  during  the  initial  development 
tests  proved  satisfactory  and  was  used  in  the  final  CVN  68  configuration 

B.  NAVSEASYSCOM  (Naval  Sea  Systems  Command)  requested  that  the 
operating  steam  pressure  of  the  catapults  on  the  CVN  68  be  reduced  from 
600  psig  to  520  psig.  The  request  for  reduced  operating  pressure  was 
made  to  increase  the  longevity  of  the  ship's  nuclear  reactor.  The 
600-psig  capability  would  be  retained  only  as  an  emergency  standby. 

C.  A tietailed  descripLion  of  the  oiuTation  of  a constant-pressure 
wet-steam  .iccnmu  l;itor  system  in  conjunction  with  a capacity-selector- 
valve  assembiv  and  a roto- launching-valve  assembly  is  given  in  reference 


Ref:  (a)  NAVAIRTESTFAC  Report  No,  NATF-EN-1117  of  22  Dec  1971:  Ini- 

tial Evaluation  of  Integrated  Catapult  Control  Station  and 
Associated  Catapult  Equipment  for  the  CVN  68 
(b)  NAVAIRTESTFAC  Letter  Report  No.  NATF-L75  of  21  Oct  1970: 
Evaluation  of  the  final  catapult  configuration  for  the 
USS  MIDWAY  (CV  41) 
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III  TEST  EQUIPMENT  AND  CONFIGURATION 

The  TC13  Mod  1 catapult  at  the  NAVA  I RTKSTKAC  was  configured  with  the 
following  basic  components  to  simulate  the  final  CVN  68  catapult  configura- 
tion. (All  numbers  cited  in  this  report  are  NAVAIRENCCKN  part  numbers  un- 
less stated  otherwise . ) 

A.  Low- loss  roto  launching  valves,  614558-6 

B.  Launching-valve  metering  rod,  515270-2 

C.  l.aunching-valve  hydraulic-actuator  orifice  snubber,  419480-2 

D.  CSV  spindle,  514364-1 

E.  C13  Mod  1 Catapult  Service  Cliange  No.  117  (super  seals)  i over 
seals  on  the  piston  assemblies 

F.  A 3/4-inch-diameter  orifice  was  installed  in  the  pressure-breaking 
orifice  elbow 

G.  A 1 /16-inch-diameter  orifice  was  installed  in  port  "A"  ot  the 
keeper  valve  on  the  exhaust-valve  panel  assembly 

H.  A 1/2-inch-dlameter  orifice  (line  size)  was  installed  In  port  "E" 
of  the  launching-valve  control  valve. 

IV  TEST  PROCEDURE 

The  deadload  calibration  program  consisted  of  six  parts.  Part  1 was 
conducted  to  evaluate  the  standard  operating  conditions.  Parts  2 through 
6 were  conducted  to  determine  catapult  performance  and  to  establish  oper- 
ational limits  for  the  final  CVN  68  catapult  configuration.  ••i. 

A.  PART  1 - TEST  OF  STANDARD  OPERATING  CONDITIONS:  The  standard 

operating  conflguration/condltions  evaluated  were  as  follows:  wet-steam 

accumulator  pressure,  520  +5  pslg;  water  level  in  the  wet-steam  accumu- 
lator, 50  +2  inches;  hydraulic  system  pressure,  2,500  +50  psig;  cylinder 
elongation,  between  7.0  and  7.8  Inches;  wet-steam  accumulator  water/steam 
temperature  differential  (AT),  no  greater  than  5°  F;  and  steam  cutoff 
switch  located  210  feet  from  catapult  station  zero.  The  tolerance  limits 
of  the  above  conditions  were  maintained  by  site  operating  personnel  and, 
wherever  possible,  reduced  so  that  the  results  produced  for  the  standard 
operating  conditions  yielded  the  most  exact  data.  This  data  was  then  used 
for  comparison  purposes  with  the  data  obtained  in  the  tests  of  Parts  2 
through  6 below.  Deadloads  weighing  from  10,250  to  84,500  pounds  were 
used  during  the  evaluation  period.  CSV  settings  ranged  from  10  to  320; 
however,  during  certain  deadload  launchings  the  maximum  CSV  setting  was 
limited  so  as  not  to  exceed  a catapult  end  speed  of  175  knots. 
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B.  PART  2 - WATER  LEVEL  IN  WET-STEAM  ACCUMULATOR:  Prior  to  a cata- 

pult launch,  the  steam  and  water  in  the  wet-steam  accumulator  are  near 
thermodynamic  equilibrium.  This  condition  exists  when  the  water  tempera- 
ture is  close  enough  to  saturation  temperature  that  the  water  will  flash 
to  steam  if  the  vapor  (steam)  pressure  above  the  water  is  reduced  a small 
amount.  During  a catapult  launch,  steam  energy  is  expended  in  moving 
the  catapult  piston  assemblies  when  the  launching  valve  is  opened  and  ri-- 
sults  in  an  accumulator  pressure  drop.  because  a tliermodynamic  unbalance 
is  created,  the  water-mass  temperature  is  greater  than  the  saturation 
temperatures  corresponding  to  the  reducing  pressures.  This  state  of 
thermodynamic  unbalance  tends  to  move  toward  equilibrium  by  the  vapori- 
zation of  a portion  of  the  water  mass  to  steam  (regeneration),  and  the 
amount  of  steam  regeneration  is  partially  determined  by  the  water  level 
in  the  accumulator.  Tests  were  conducted  using  various  wet-steam  ac- 
cumulator water  levels  (35  and  55  inches)  to  investigate  their  effect 

on  catapult  performance.  Deadloads  weighing  10,500,  35,700/36,100, 
47,200,  and  84,100  pounds  were  used. 

C.  PART  3 - WET-STEAM  ACCUMULATOR  WATER/STEAM  TEMPERATURE  DIFFER- 

ENTIAL:  A specific  accumulator  charge  pressure  has  a corresponding 

temperature  for  saturated  steam.  A controlling  steam-regeneration 
factor  is  the  number  of  degrees  Fahrenheit  the  accumulator  water  is  be- 
low the  saturation  temperature  for  the  corresponding  charge  pressure 
(water  subsaturation  temperature  differential).  To  accomplish  the 
steam/water  temperature  differential  (AT),  the  steam  accumulator  was 
charged  to  a pressure  lower  than  the  required  520  pslg  (results  in  a 
lower  water  temperature);  then  steam  was  Injected,  by  use  of  special 
test-site  piping,  immediately  above  the  waterline  to  bring  the  accumu- 
lator up  to  the  required  pressure  (creating  a temperature  differential 
of  the  required  range).  I_t  sjiould  be  noted  tli^t  thl_s  condition  cmJ^ld 

FILE  jLf  £ casualty  happened  to  t_h^  wet  accumulator 

internal  steam  charg^ijig  system.  This  part  of  the  program  was  conducted 
with  temperature  dif  ferentials  (AT)  of  10  and  15°  F to  determine  at 
what  AT  catapult  performance  is  affected.  DeadlonJr,  weighing  14,600, 
35,700,  and  84,100  pounds  were  used, 

D.  PART  4 - STEAM-PRESSURE  CUTOFF-SWITCH  LOCATIONS:  The  steam- 

actuated  pressure  switch  initiates  the  closing  of  the  launching  valves 
at  a specific  position  during  the  launching  stroke.  The  pressure  switch 
is  actuated  by  the  steam  pressure  behind  the  piston  assemblies  as  they 
pass  the  cutoff-switch  location.  Ideally,  to  minimize  steam  expendi- 
ture, the  closest  pressure-switch  location  to  catapult  station  zero 
that  would  not  impair  catapult  performance  is  desirable.  To  determine 
the  optimum  location  for  the  cutoff  switch,  the  switch  was  positioned 
forward  of  the  standard  (210-foot)  location  to  222  feet  forward  of 
catapult  station  zero.  The  switch  was  then  moved  aft  until  a decrease 
in  end  speed  was  experienced.  Tests  were  conducted  at  the  various 
positions  with  deadloads  weighing  10,250/10,500,  35, 700/3n, 100,  and 

74 , 300  pounds . 


NATK-F.N-1  1 TV 


PART  5 - WET-STEAM  ACCUMULATOR  STEAM  PRESSURE:  Should  the  nuclear 

reactor  be  unable  to  supply  the  steam  accumulator  with  the  required  520  +5 
psig,  or  the  automatic  steam  charging  system  malfunction.  It  would  be 
necessary  to  operate  the  catapult  at  other  than  normal  steam  pressures. 
Under  normal  operating  conditions  (automatic  charging),  the  wet-steam  ac- 
cumulator steam  pressure  could  be  easily  maintained  at  520  +5  psig.  Tests 
were  conducted  to  determine  what  tolerance  limit  on  steam  pressure  would 
affect  catapult  end  speed.  Tests  were  conducted  using  various  wet-steam 
accumulator  pressures  (475,  500,  550,  and  575  psig)  to  determine  their  ef- 
fect on  deadload  end  speed  and  acceleration.  Deadloads  weighing  14,600, 
36,100,  and  84,100/84,400  pounds  were  used. 

F.  PART  6 - HYDRAULIC-SYSTEM  SUPPLY  PRESSURES:  The  catapult  launch- 

ing valve  is  opened  and  closed  by  constant-pressure  hydraulic  fluid.  The 
opening  rate  of  the  launching  valve  is  partially  controlled  by  the 
hydraulic-system  supply  pressure;  therefore,  varying  the  hydraulic-system 
supply  pressure  alters  the  opening  rate  of  the  launching  valve  which  di- 
rectly affects  catapult  'nrmance.  Tests  were  conducted  at  hydraulic- 
system  pressures  of  2.  ,400,  2,600,  and  2,700  psig  to  determine 

their  effect  on  cata-  formance.  Deadloads  weighing  14,600,  36,100, 

and  84,100  pounds  w 

V TEST  RESULTS 

A.  As  indicated  in  Figure  1,  the  final  CVN  68  configuration  delin- 
eated in  Section  III  produces  satisfactory  performance  within  the  limits 
of  the  (^SV  settings  shown  in  Figure  2.  A composite  graph  is  shown  in 
Figure  3,  which  provides  a family  of  curves  that  indicate  the  CSV  setting 
required  for  a specific  deadload  weight  and  end  speed  with  a test  enve- 
lope based  on  dead  load  test  data. 

B.  The  catapult  control  parameters  established  in  Section  IV  were 

varied  during  tests  in  order  to  clarify  the  operational  limits  of  the 
CVN  68  configuration.  The  results  of  these  tests  are  described  below 
(NOTF:  The  results  obtained  during  tests  of  the  standard  configuration/ 

conditions  were  used  as  a basis  of  comparison  in  the  discussions  and 
Figures  Introduced  in  the  following  paragraphs): 

WF-T-STKA.M  ACCITMULATOR  WATER  LEVEL:  To  determine  a satisfac- 

tory range  of  water  levels,  deadload  launches  were  conducted  with  35  and 
55  Inches  of  water  in  the  accumulator.  The  data  in  Figure  4 discloses 
no  detrimental  loss  in  catapult  end  speed  (variation  of  3 knots  or  less) 
for  the  entire  CSV  range.  Figure  5 shows  no  significant  change  in  peak- 
to-mean  acceleration  ratios  over  the  entire  10,500-  to  84 , lOO-pc'und 
dead  load  weight  range  tested. 

2 . Wl^- ST^EA^  ACCUMULATOR  WATER/STEAM  DIFFERENTIAL : 

To  determine  a satisfactory  limit  of  accumulator  water  subsaturation 
temperature  differential,  two  temperature  differentials  (10  and  15“  F) 
were  tested  with  deadloads  weighing  14,600,  35,700,  and  84,100  pounds. 

A temperature  differential  of  5“  F was  not  tested  due  to  its  negligible 
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effect  on  catapult  performance  as  slated  In  reference  (b) . The  data 
in  Figure  b indicates  the  temperature  differential  had  no  detrimental 
effect  on  tiie  peak-to-mean  acceleration  ratios  over  the  deadload 
weight  range  tested.  Figure  7 indicates  a loss  in  end  speed  for  all 
deadload  weights  with  both  temperature  differentials:  14,600-pound 

deadload,  maximum  losses  of  5 and  6 knots  for  10°  F and  15°  F differ- 
entials respectively;  35,700-pound  deadload,  maximum  losses  of  6 and 
9 knots  at  10°  F and  15°  F differentials  respectively;  and  84,100- 
pound  deadload,  maximum  losses  of  5 and  7 knots  for  10°  F and  15°  F 
differentials  respectively. 

3.  Tests  were  con- 

ducted to  determine  the  optimum  cutoff-switch  location,  and  to  estab- 
lish a range  of  locations  that  would  be  feasible  should  the  standard 
cutoff-switch  location  be  inaccessible  due  to  a sliip's  structural  de- 
sign. Deadloads  weighing  10,250/10,500,  35,700/36,100,  and  74,300 
pounds  were  used  during  the  tests.  With  the  cutoff  switcli  located 
at  positions  174  and  222  feet  forward  of  catapult  station  zero,  there 
was  no  adverse  effect  on  the  peak-to-mean  ratio  as  shown  in  Figure  8, 
and  no  significant  change  in  end  speed  when  compared  to  the  standard 
210-foot  cutoff-switch  location  as  shown  in  Figure  9.  With  the  162- 
foot  cutoff-switch  location,  there  was  no  detrimental  effect  on  the 
peak-to-mean  ratio,  but  significant  losses  in  end  speed,  in  excess  of 
J knots,  did  occur:  the  losses  were  5 knots  with  the  10,250/10,500- 

pound  deadloads,  and  4 knots  with  the  35,700/36,100-  and  74,300-pound 
deadloads,  as  shown  in  Figure  9.  Because  the  162-foot  cutoff-switch 
location  caused  a change  in  catapult  performance,  the  acceptable  range 
of  cutoff-switch  locations  is  from  174  to  222  feet  forward  of  catapult 
station  zero;  therefore,  the  NAVAIRFNGCEN-selected  210-foot  cutoff- 
switch  location  is  acceptable  since  it  falls  wltliin  this  safe  operat- 
ing range  and  provides  a small  amount  of  steam  consumption  savings 
over  the  maximum  switch  location  of  222  feet  from  station  zero.  A 
greater  steam  consumption  savings  could  be  realized  if  the  switch  lo- 
cation was  farther  aft  in  the  safe  operating  range. 

WFT-STF.AM  ACCUMULATOR  STEAM  FRFSSURF:  In  tlie  event  that 

the  required  catapult  wet-steam  accumulator  pri'ssure  of  520  psig 
could  not  be  attained,  tests  were  conducted  at  various  wet-steam  ac- 
cumulator pressures  to  determine  their  effect  on  catapult  performance. 
Deadloads  weighing  14,600,  36,100,  and  84,100/84,400  pounds  were 
launched  at  steam  pressures  of  475,  500,  550,  and  575  psi;;.  For  all 
deadload  weights,  increased  end  speeds  resulted  with  the  greater 
pressures  whereas  reduced  end  speeds  resulted  from  the  lesser  pres- 
sures (in  comparison  with  standard  520-psig  pressure)  (see  Figure 
10).  These  effects  were  more  noticeable  with  the  meillum-weight  and 
heavyweight  deadloads  than  with  the  lightweight  deadload.  For  the 
heavyweight  deadloads  at  the  higher  CSV  settings  (worse  condition), 
the  variation  In  end  speed  was  less  than  6 knots  between  the  stan- 
dard pressure  (520  pslg)  and  either  the  500-  or  the  550-psig  events. 
Interpolation  of  this  data  indicates  that  there  would  bo  an  end-speed 
spread  of  less  than  +3  knots  (which  is  considered  insignificant)  with 
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a steam-pressure  differential  of  +10  psig  from  the  standard  of  520 
psig.  When  operating  the  Leslie  control  system  in  the  automatic  or 
manual  mode,  a pressure  differential  of  +5  psig  can  be  easily  main- 
tained. The  steam-pressure  variations  had  no  adverse  effect  on  peak- 
to-mean  acceleration  characteristics  as  depicted  in  Figure  11. 

5.  HYDRAULIC-SYSTEM  SUPPLY  PRKSShRF:  To  evaluate  the  effect 

of  various  hydraulic-system  pressures  on  catapult  performance,  tests 
were  conducted  with  deadloads  weighing  14,600,  36,100,  and  84,100 
pounds  using  hydraulic  pressures  of  2,200,  2,400,  2,600,  and  2,700 
psig.  For  all  deadload  weights,  the  2,200-  and  2,700-psig  pressures 
caused  the  following  significant  variances  in  end  speeds  as  shown  in 
Figure  12:  14,600-pound  deadload,  a nominal  variation  of  5 knots; 

36,100-pound  deadload,  variations  of  4 and  3 knots  with  2,200-  and  2,700- 
psig  pressures  respectively;  and  84,100-pound  deadload,  variations  of 
4 and  less  than  2 (considered  insignificant)  knots  with  2,200-  and  2,700- 
psig  pressures  respectively.  For  all  deadload  weights,  the  end-speed 
variations  were  insignificant  (less  than  3 knots)  with  the  2,400-  and 
2,600-pslg  pressures  as  shown  in  Figure  12.  The  various  hydraulic-system 
pressures  had  no  detrimental  effect  on  the  peak-to-mean  acceleration 
ratio  curves  as  slujwn  in  Figure  13. 

VI  ANALYSIS  OF  TEST  RESULTS 

A.  The  design  of  the  CVN  68  cont ro 1 -system  components  is  tolerant 
of  small  variations  in  the  operating  conf iguratlon.  The  test  results 
of  Section  V establish  a range  of  limits  beyond  those  set  forth  in  Sec- 
tion IVA  in  which  the  catapult  components  ca  i be  operated  with  no  adverse 
effect  on  catapult  performance. 

B.  The  CVN  68  control-system  design  suitability  is  sucli  that  control- 
system  variation  can  be  maintained  at  a tighter  tolerance.  During  this 
report  period,  on-site  military  personnel  had  no  difficulty  in  maintaining 
control -system  parameters  using  the  tolerances  establlsiied  in  Section  IVA. 
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V ] 1 CONCI.llS  I ONS 

A.  The  final  catapult  cont  i nurat  ion  (see  Secticjn  III)  for  the 
(JVN  68  class  vessels  produces  satisfactory  cat.ipult  performance,  pro- 
vided the  events  are  contained  with’n  the  test  envelope  shown  in  FiH" 
tire  3 and  the  peak  1 onp,  i t iid  i na  1 acci' 1 erat  i ons  correspond  to  the  values 
sh('wn  in  Klgure  1.  (Section  V,  Ptir^qraph  A) 

B.  The  limits  listed  below  are  tiie  expanded  limits  determined  by 
the  test  results  in  Section  V.  Thes('  limits  are  the  maximum  for  which 
in'  adverse  effect  on  catapult  |ierformanri  occurred: 

1.  A maximum  wet-steam  accumulator  water  subsaturation  tempera- 
ture? cii  f ferential  of  T.  fSection  V , Paragraph  B2) 

2.  Hydraulic-system  supply  pri'ssure  of  2,')00  +100  • -.ig.  (Sec- 
tion V,  Paragraph  B5) 

i . Wet -steam  accumulator  steam  pressure  of  SdO  +l(i  pslg.  (Sec- 
tion V,  Paragraph  B4 ) 

U.  Wet-steam  accumulator  water-level  range  of  15  to  55  inches. 
(Section  V,  Paragraph  Bl) 

5.  Steam-pressure  cutoff-switch  located  17A  to  222  feet  from 
catapult  station  zero.  (Section  V,  Paragraph  BJ) 

C.  The  catapult  control-system  parameters  established  in  Section 
IVA  can  be  easily  maintained  by  catapult  operational  personnel  due  to 
the  design  effectiveness  of  the  CVN  68  control  system,  as  discussed  in 
Section  VI.  With  the  tighter  control-system  tolerances  readily  attain- 
able with  no  adverse  effect  on  catapult  readiness,  it  is  concluded  that 
the  limits  listed  below  for  catapult  cont ro 1 -system  parameters  could  be 
maintained: 

1.  Maximum  wet-steam  accumulator  water  suhsaturation  tempera- 
ture differential  of  5°  T. 

2.  Hvdraul ic-system  supply  pressure  of  2,500  +50  pslg. 

1.  Wet-steam  accumulator  steam  pressure  of  520  +5  pslg. 

4.  Wet-steam  accumulator  water-level  range  of  50  +2  inches. 

5.  Steam-pressure  cutof f-switch  located  210  feet  from  catapult 
station  zero;  however,  greater  steam  consumption  savings  could  be  ob- 
tained by  moving  the  cutoff-switch  location  aft  in  the  safe  operating 
range. 
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VIII  RECOMMENDATIONS 


A.  1 luorporat  i'  tlu'  finalizerl  configuration  (ie  I i neat  ctl  in  Section 
III  on  the  catapults  ot  the  (VN  68  class  vessels.  (This  coni  ip, oration 
has  alreailv  been  incor|>orat ed  on  the  USS  NIM1T7,  (CVN  68).) 

B.  Ihe  lol  lowing;  catapult  operational  limits  should  he  i.iintained 
on  the  (!VN  68  class  vessels  (already  adhered  to  on  the  CVN  68); 

1.  Maximum  wet-steam  accumulator  water  suhsaturation  temperature 
differential  of  5°  K. 

2.  Hydraulic-system  supply  pressure  of  2,500  + 50  psip. 

1.  Wet-steam  accumulator  steam  pressure  of  520  +5  psift. 

4.  Wet-steam  accumulator  water-level  ranRe  of  50  +2  inches. 

5.  Steam-pressure  cutoff-switch  located  210  feet  from  catapult 
statii>n  zero. 

C.  The  NAVAIRKNGCEN  should  review  the  cutoff-switch  locations  and, 
if  warranted,  move  it  aft  to  effect  a savings  in  steam  consumption. 

IX  REFERENCES 

(a)  NAVAIRTESTKAC  Report  No.  NATF-EN-l 1 1 7 of  22  Dec  1971:  Initial 

Evaluation  of  Integrated  Catapult  Control  Station  and  Associ- 
ated Catapult  Equipment  for  the  CVN  68 

(b)  NAVAIRTESTFAC  Letter  Report  No.  NATF-1.75  of  21  Oct  1970: 
Evaluation  of  the  final  catapult  configuration  for  the 
USS  MIDWAY  (CV  41) 
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COMPOSITE  GRAPH  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS  TCI 3 MOD  1 
END  SPEED;  STANDARD  CVN  68  CATAPULT  CONFIGURATION 
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FIGURE  2 


COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR- VALVE  SEHING  VERSUS  TCI 3 MOD  1 
END  SPEED;  STANDARD  CVN  68  CATAPULT  CONFIGURATION 
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FIGURE  3 - PERFORMANCE  ENVELOPE  OF  DEADLOAD  WEIGHT  VERSUS  TCI 3 MOD  1 
END  SPEED;  STANDARD  CVN  68  CATAPULT  CONFIGURATION 
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FIGURE  4 - COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR-VALVE  S 
END  SPEED;  VARIED  WET-STEAM  ACCUMULAl 
(CVN  68  CATAPULT/ DEAOLOAD  CALIBRE 
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FIGURE  5 - COMPOSITE  GRAPHS  OF  PEAK  LONGITUDINAL  ACCELERATI 
END  SPEED;  VARIED  WET-STEAM  ACCUMULATOR  i 
(CVN  68  CATAPULT/DEADLOAD  CALIBRATION 


.:oo-pounD 

OEAOLOAO 


CND  SKCO 


INOTES  MORE  THAN  ONE  EVENT. 

\PHS  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS  TCI 3 MOD  1 
5PEED;  VARIED  WET-STEAM  ACCUMULATOR  WATER  LEVELS 
:VN  68  CATAPULT/DEADLOAD  CALIBRATION  PROGRAM) 


1^.600-P0l)ND  DfADLiJAD 


'3S,700-P0UND  KADLOAD 


■ ATEfl  SUBSATURAMON 
TeNfERATuA!  DIF- 
SYMBOL  FtRiUTIALS  (Qt6  >) 


FLAG  ON  SYMBOL  DENOTES  MORE 
THAN  ONE  EVENT. 


S^JOO-P'ilIND  KADrjAD 


rCIl  wo  1 too  ^tO  (MOTS) 


COMPOSITE  GRAPHS  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS  TCI 3 MOD  I 
END  SPEED;  VARIED  WATER  SUBSATURATION  TEMPERATURE  DIFFERENTIALS 
(CVN  68  CATAPULT/DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  7 - COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR-VALVE  SETTING  VERSUS  TCI 3 MOD  1 
END  SPEED;  VARIED  WATER  SUBSATURATION  TEMPERATURE  DIFFERENTIALS 
(CVN  68  CATAPULT/ DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  8 - COMPOSITE  GRAPHS  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS 
TCI 3 MOD  1 END  SPEED;  VARIED  STEAM-PRESSURE  CUTOFF-SWITCH 
LOCATIONS  (CVN  68  CATAPULT/ DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  9 - COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR-VALVE  SEHING  VERSUS 
TCI  3 MOD  1 END  SPEED;  VARIED  STEAM-PRESSURE  CUTOFF-SWITCH 
LOCATIONS  (CVN  68  CATAPULT/ DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  10  - COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR- VALVE  SETTING  VERSUS 
TCI 3 MOD  1 END  SPEED;  VARIED  UET-STEAM  ACCUMULATOR 
PRESSURES  (CVN  68  CATAPULT/ DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  11  - CONPOSITE  GRAPHS  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS 
TC13  MOO  1 END  SPEED;  VARIED  MCT-STEAM  ACCUMULATOR 
PRESSURES  (CVN  68  CATAPULT/DEAOLOAD  CALIBRATION  PROGRAM) 
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FIGURE  12  - COMPOSITE  GRAPHS  OF  CAPACITY-SELECTOR- VALVE  SEHING  VERSUS 
TCI 3 MOD  1 END  SPEED;  VARIED  HYDRAULIC-SYSTEM  SUPPLY 
PRESSURES  (CVN  68  CATAPULT/ DEADLOAD  CALIBRATION  PROGRAM) 
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FIGURE  13  - COMPOSITE  GRAPHS  OF  PEAK  LONGITUDINAL  ACCELERATION  VERSUS 
TCI 3 MOO  1 END  SPEED;  VARIED  HYDRAULIC-SYSTEM  SUPPLY 
PRESSURES  (CVN  68  CATAPULT/ DEAOLOAO  CALIBRATION  PROGRAM) 
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